We developed a direct competitive-type immunoassay for progesteronein serum that combines the advantages of the biotin-streptavidin systemwiththe antibody-immobilization approach. We synthesized biotinylated progesterone derivatives of five different proteins and, after initial evaluation of the conjugates, selected biotinylated bovine lgG-progesterone as the most suitable tracer. Progesterone released from binding proteins with danazol competes with the biotinylated tracer conjugate for binding to a limited amount of a mouse anti-progesterone monoclonal antibody in microtitration wells coated with a goat anti-mouse lgG antibody. Figure IA) (17, 18) .
lated) antibodies and avidin or streptavidin as complementary reagents ( Figure IA) (17, 18) .
We recently (19) described a novel application of the biotin-streptavidin system for developing the more classical competitive-type (labeled antigen) immunoassay. In this configuration, streptavidin is labeled with the analyte of interest and used as the tracer conjugate in combination with biotinylated detection probes and solid-phase antibodies ( Figure   1C ). We demonstrated the merits and usefulness of this new approach in a model assay for cortisol in serum.
Here we report on the application of a different assay configuration,
proposed in an abstract (20) , for competitive immunoassay of haptens; this also complements the advantages of the biotin-streptavidin system with the immobilized-antibody approach but allows use of the most common universal detection reagents based on labeled streptavidin.
In this configuration, conjugates of analyte-carrier molecule-biotin serve as the tracer (Figure ]B) . In the assay, the biotinylated progesterone derivatives compete with progesterone in standards or samples for binding to a specific mouse monoclonal antibody in microtitration wells coated with a goat anti-mouse antibody. The amount of bound conjugate is then quantified by reaction with a streptavidin-based universal detection reagent developed for time-resolved fluorometry. The developmental details and advantages of this approach are discussed. The labeling ratio used corresponded to 2.5 CDI-activated progesterone molecules per amino group on each protein (Table 1) . We allowed the labeling reaction to proceed for 2 h at room temperature, then dialyzed the reaction mixture extensively against 0.05 mol/L Na2CO3 buffer, pH 8. After dialysis, we filtered the contents of the dialysis bag through a 0.45-pm (pore size) filter (Gelman Sciences, Ann Arbor, MI 48106). We adjusted the volume of each conjugate to 3 mL by adding water and then added 1 mL of a 1 mol/L Na2CO3 buffer, pH 9.1.
MaterIals and Methods

Instrumentation
For biotinylation we added to the above preparations the required amounts of NHS-LC-biotin in 50 pL of dimethyl sulfoxide to achieve a labeling ratio of 12
NHS-LC-biotin molecules
per amino group on each In all cases, the relative rate of change in binding signal followed an initial rapid increase before reaching a plateau.
We then tested the conjugates for competition with progesterone in a competitive binding assay involving a mouse monoclonal antibody and a solid-phase-bound goat anti-mouse IgG antibody.As shown in Figure 3 , all conjugates competed well with progesterone, and the resulting calibration curves were substantially parallel throughout the assay range. Under optimal assay conditions developed for the various conjugates, analysis of several serum samples showed close agreement between the expected and measured values (data not shown). We selected the biotinylated bovine IgG-progesterone derivative for furtherinvestigation.
Assay Optimization
We optimized the assay for the amount of antibody and conjugate.For a constant volume of sample (10 pL We also investigated the effect of incubation time on the immunoreaction step and selected a 60-mn duration. By this time the maximum fluorescence signal generated had reached a plateau.
Analytical Variables
Calibration curve and detection limit. A typical standard curve for the assay with the biotinylated bovine IgG-progesterone as the tracer is shown in Figure 3 Table 3 .
Discussion
The assay presented here combines the advantages of the biotin-streptavidin system with the immobilizedantibody approach. In this configuration, biotinylated progesterone derivatives serve as both the tracer and the bridge linking captured conjugates to the streptavidin-based detection probe. The use of a high-molecularmass carriermolecule is advantageous immobilized antigens, it may be difficult to reproducibly control coating consistency, so the precision and sensitivity of the assay may be somewhat compromised.
In the alternative strategy ( Figure 1B ), antibody can be directly immobilized to the solid phase or used in conjunction with a solid phase pretreated with an anti- here. The latter has the advantage of improved reproducibility (26, 27) and allows assay optimization by changing the concentration of both the tracer and the antibody. Furthermore, a solid phase coated with an appropriate second antibody may be used as a common binder for a variety of antigen-specific first antibodies.
Here we demonstrated that biotinylated progesterone derivatives of a variety of proteins ( In competitive antibody-binding assays, all of the conjugates competed well with native progesterone, and the resulting competition curves were nearly superimposable (Figure 3) . In all cases, the B0 values were sufficiently high and the standard curves generated were typical for progesterone assays (5-9). We could not completely explain the substantial variation in the amount of different conjugates required for optimum performance by the variation in progesterone-conjugation ratio of the various proteins ( In conclusion, we have described the application of a new assay configuration that combines the advantages of the biotin-avidin interaction and the immobilized antibody approach with simple and economical preparative procedures. We propose that the present design is well suited for competitive immunoassay of haptens. The conjugates are also suitable for assay designs relying on biotin-.avidin interaction as a separation means or for indirect coating of haptens on avidin-coat.ed solid supports.
